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XXVI.  Some  Observations  on  the  Development  of  the  Organi¬ 
zation  in  Phcenogamous  Plants.  By  Dr.  M.  J.  Schleiden.* 

[With  a  Plate.] 


Nullo  modo  generationem  explicasse  judicare  possum  eos,  qui  ne 
ullam  quidem  partem,  ne  ullum  attributum  quidem  corporis  ex  tra- 
ditis  suis  principiis  explicuerunt,  sed  sermones  saltern  de  ea  re  fecisse, 
utcunque  doctos,  vercs  et  elegantes. 

C.  F.  Wolff, — Theoria  Generation™ . 


4  LTHOUGH  it  must  be  granted  that  Linnaeus  had  a  to- 
■  lerably  clear  idea  of  the  metamorphosis  of  plants,  yet 
the  introduction  of  this  doctrine  and  its  reception  into  the 
higher  botany  takes  its  date  from  Goethe.  Long,  however, 
before  Goethe,  the  ingenious  C.  F.  Wolff  had  shown  how 
fruitful  this  idea  could  be  rendered ;  but  his  work  was  little 
read  by  the  botanists  of  the  time,  not  at  all  understood,  and 
soon  forgotten.  Thus  the  science,  to  its  prejudice,  did  not 
gain  possession  of  this  doctrine  through  Wolff,  in  whose 
hands  it  would  probably  have  become  so  fertile,  but  through 
Goethe,  and  owing  to  the  manner  in  which  it  was  introduced 

*  From  Wiegmann’s  Archiv  fur  Zoologie,  Part  IV.,  Berlin,  1837- 
[The  Editors  are  indebted  to  the  kindness  of  Dr.  Wood,  of  Bristol,  for 
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by  him,  it  has  hitherto  been  of  comparatively  but  little  service. 
If  we  understand  by  the  term  metamorphosis  the  principle 
that  a  plant  has  only  a  certain  limited  number  of  different  fun¬ 
damental  organs,  and  that  all  other  organs  distinguish  them¬ 
selves  from  these  potentially,  only  inasmuch  as  the  tendency 
exists  in  them  of  allowing  a  certain  peculiar  degree  of  develop¬ 
ment  and  variety  of  form,  which,  however,  is  not  so  absolute 
but  that  it  can  be  suppressed  under  certain  circumstances, 
allowing  the  usual  form  of  the  organ  to  manifest  itself, — I  say, 
if  we  lay  down  this  principle  as  a  foundation,  it  is  clear  that 
this  doctrine  must  furnish  the  most  important  results  for  the 
science,  and  give  it  an  internal  unity  which  no  other  branch  of 
empirical  natural  science  has  hitherto  obtained ;  that  is,  if  this 
idea  can  be  substantiated  by  fact;  and  it  must  only  be  received 
so  far  as  it  can  be  proved,  since  as  much  as  does  not  actually 
exist  in  nature  and  cannot  be  perceived  by  the  senses,  is  no 
longer  an  object  of  natural  science  and  can  never  serve  to  ex¬ 
tend  our  knowledge  of  the  material  world. 

C.  F.  Wolff  adopted  the  only  correct  plan,  that  of  the  study 
of  the  development,  and  proved  the  identity  of  the  greater 
part  of  the  foliaceous  organs  quite  satisfactorily.  He  was, 
however,  not  at  all  appreciated,  and  Goethe  was  the  first  who 
introduced  the  doctrine  of  metamorphosis,  but  not  as  an  in¬ 
duction  arising  out  of  practical  consideration  of  the  process  of 
development,  but  as  the  speculative  result  of  the  comparison 
of  the  different  forms  of  the  developed  organ.  Now  such  a 
comparison  may  certainly  lead  us  to  conjecture  the  existence  of 
such  a  law,  but  can  never  lead  to  its  absolute  establishment. 
Goethe  says  in  another  place  : 

11  Alle  Gestalten  sind  ahnlich,  doch  Keine  gleichet  der  Andern  ; 

Und  so  deutet  der  Chor  auf  ein  geheimes  Gesetz.” 

Analogy  pervades  all  forms, — yet  all  unlike; 

The  whole  thus  indicate  a  hidden  law. 

Thus  it  was  that  the  botanists  received  this  important  doc¬ 
trine,  one  which  was  capable  of  yielding  such  valuable  results, 
under  a  wrong  light,  since  it  was  presented  to  them  only  as  a 
philosophical  idea,  and  indeed  it  seems  as  if  a  tolerably  gene¬ 
ral  conviction  prevailed  that  the  demonstration  of  what  was 
true  in  the  theory  was  not  possible.  At  a  later  period  Fran¬ 
cis  Bauer,  who  like  Wolff  was  no  botanist,  again  had  recourse 
to  the  only  correct  method,  inasmuch  as  he  traced  the  indi¬ 
vidual  organs  to  their  original  forms,  in  order  to  explain  their 
proper  nature  ;  his  investigations  have,  however,  unfortunately 
become  too  little  known  and  have  been  used  to  advantage  by 
scarcely  any  one  else  than  Robert  Brown. 
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In  this  manner  has  the  doctrine  of  metamorphosis  or  the 
morphological  design  of  the  organs  of  plants  gradually  formed 
itself  into  a  peculiar  department  of  scientific  botany  ;  and  at 
the  same  time  that  it  has  offered  a  field  for  the  exertions  of 
the  most  celebrated  men,  upon  which  they  have  obtained 
lasting  honour,  it  has  become  the  appropriate  theatre  for  all 
friends  of  enigmas,  dreamers,  and  dealers  in  paradoxes,  and 
has  served  for  the  display  of  the  most  wonderful  things, 
which  have  been  unhesitatingly  dignified  with  the  proud 
name  of  Philosophy  or  Speculation.  Speculation,  however, 
is  only  admissible  where  our  means  of  observation  fail  us ; 
and  if  it  thrusts  itself  forward,  desirous  of  taking  the  place 
of  observation,  we  should  do  wisely  to  get  rid  of  it  as  a  tire¬ 
some  guest.  How  much  might  we  be  in  advance  of  our  pre¬ 
sent  position,  even  in  the  speculative  sciences,  were  it  not  that 
speculation  devoted  itself  to  objects,  which,  consuming  its  best 
time  and  best  powers,  not  only  did  not  require  it,  but  would 
even  have  been  better  without  it !  It  is  precisely  in  the  history 
of  development  that  examples  of  this  sort  are  particularly 
frequent.  If  therefore  the  prosecution  of  this  branch  of  science 
shall  attain  importance  and  become  established  in  all  its 
parts,  it  will  not  suffice  that  investigations  be  commenced  on 
a  bean  or  something  of  that  sort  which  may  conveniently  be 
dissected  with  a  penknife ;  a  much  earlier  period  must  be 
chosen,  that  of  the  first  origin  of  the  embryo.  A  ripe 
seed  presents  the  young  plant  already  provided  with  such 
manifold  organs,  that  a  wide  field  is  here  opened  to  mere 
speculation  sufficiently  extensive  to  render  subsequent  inves¬ 
tigations  vague  and  unprofitable. 

Upon  its  first  appearance  the  embryo  is  recognised  as  a  mem¬ 
branous  cylinder  (PL  III.,  fig.  9  &  13)  rounded  and  closed  su¬ 
periorly,  but  open  inferiorly,  since  the  membrane  constituting 
the  embryo  is  invariably  continued  into  the  sac  containing  it 
(appearing  indeed  to  be  merely  a  reduplication  of  that  sac) 
and  filled  with  an  organizable,  for  the  most  part  pellucid  fluid 
mass,  which  becomes  gradually  converted  into  cells,  begin¬ 
ning  from  above  downwards,  (fig.  6  &  10)  during  which  pro¬ 
cess  the  cellular  nuclei  also  become  apparent  (fig.  12  &  24), 
which  appear  at  all  times  to  perform  a  principal  part  in  the 
formation  of  cells.  At  this  point  a  leading  phenomenon  in 
vegetable  life  finds  its  explanation.  The  embryo  originally 
consists  of  axis  alone,  and  being  closed  superiorly,  only  al¬ 
lows  a  further  development  from  within  outwards,  but  is  not 
limited  inferiorly;  and  by  the  secretion  of  organizable  matter 
becoming  transformed  into  cells,  admits  of  unlimited  prolong¬ 
ation  ;  whence  not  only  the  direction  but  the  mode  of  growth 
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of  the  stem  and  root,  differing  as  they  do,  become  intelligible. 
During  the  second  stage  of  the  development  the  upper  end 
of  the  germ  expands  in  a  globular  form,  (fig.  6,  7,  11,  12,  14, 
&  15,)  and  from  the  sides  of  this  globular  extremity,  in  dicoty¬ 
ledonous  plants,  the  two  rudimentary  cotyledons  become  de¬ 
veloped  as  cellular  projections,  their  points  being  more  or 
less  free*  (fig.  16  &  17).  In  these,  as  also  in  the  stem  it¬ 
self,  the  elongated  cells  and  spiral  vessels  are  not  formed 
until  a  much  later  period :  the  mode  in  which  this  growth 
takes  place  was  in  its  principal  features  described  with  per¬ 
fect  accuracy  by  C.  F.  Wolff'.  In  the  monocotyledonous 
plants,  on  the  other  hand,  an  asymmetrical  elevation  is  form¬ 
ed  at  the  summit  of  the  cylindrical  embryo  (fig.  8),  which 
ultimately  constitutes  the  cotyledonous  leaf  surrounding  the 
stalk,  and  which  also  subsequently  incloses  more  or  less  the 
terminal  bud  ( plumula )  f.  This  process  offers  the  second  and 
greatest  difference  to  which  a  plant  can  lay  claim,  namely, 
the  antagonism  between  vertical  longitudinal  formation  and 

o  #  #  o 

horizontal  superficial  extension. 

All  subsequent  development  of  the  plant,  and  every  later 
formed  organ,  are  only  modifications  of  these  two  portions  of 
the  axis,  the  stem ;  and  of  the  lateral  organs,  the  leaves.  This  an¬ 
tagonism  therefore  appears  to  be  something  original;  indeed 
the  axis  is  formed  at  an  earlier  period  than  the  cotyledons,  from 
which  may  be  seen  the  great  error  of  that  opinion  which  consi¬ 
ders  the  stem  to  consist  of  adherent  leafstalks,  and  the  terminal 
bud  to  be  an  axillary  one,  as  for  instance  Agardh  does.  The 
most  important  points  of  difference  in  the  cotyledons  are  again 
repeated  in  the  leaves  also,  which  are  indeed  only  after-forma¬ 
tions  of  those  organs:  thus  for  example  we  find  in  the  Stap  el  ice,  in 

*  Punctum  vegetationis ,  according  to  C.  F.  Wolff. 

f  It  will  be  seen  from  this  description  of  the  process  of  development 
that  every  monocotyledonous  embryo  possessed  originally  a  plumula  exserta, 
and  that  wherever  this  is  inclosed,  there  must  invariably  be  a  fissure 
present,  however  fine  it  may  be.  The  grasses  have  been  usually  understood 
to  belong  to  the  families  with  a  plumula  exserta ,  but  quite  incorrectly,  since 
the  plumula  in  this  family  becomes  perfect  by  means  of  an  elevation  of  the 
cotyledon  closed  with  the  exception  of  a  very  fine  slit  (the  outer  closed 
leaf  of  botanists),  and  this  portion  of  the  cotyledon,  like  every  other 
of  its  peculiarities,  becomes  repeated  in  the  subsequent  leaves  in  the 
analogous  formation  of  the  ligula,  whilst  the  scutellum ,  constituting  the 
principal  portion  of  the  cotyledon,  corresponds  to  the  leaf  itself.  Some¬ 
times  the  cotyledon  folds  itself  together  once  more,  as  in  Zea  Mays,  which 
formation  has  been  falsely  compared  to  the  fissure  of  the  cotyledon  in  the 
Aroidece ;  or  it  sometimes  forms  on  its  anterior  surface  small  protuberances, 
which  however  cannot  be  considered  as  second  cotyledons,  since  they  are 
in  connexion  with  the  axis  at  a  point  lower  down  than  the  cotyledon  itself ; 
and  a  second  leaf  cannot  possibly  be  formed  beneath  the  earlier  one. 
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which  the  cotyledons  are  very  small,  that  the  leaves  are  also 
rudimentary,  and  in  Cuscuta  the  absence  of  the  cotyledons  in 
the  embryo  even  points  to  the  subsequent  habit  of  the  plant. 
The  close  agreement  between  the  cotyledon  of  grasses  and 
the  leaves  has  already  been  alluded  to  in  the  preceding  note. 

The  investigation  of  the  law  s  of  position  of  the  leaves  forms 
a  very  interesting  section  of  this  inquiry ;  the  manner  in 
which  the  varying  relations  of  foliage  become  developed  out  of 
the  originally  opposed  and  perfectly  cotemporaneous  cotyle¬ 
dons,  until  nature  often  appears  to  return  at  the  extremity 
of  a  plant  to  the  original  type  of  two  opposite  leaves.  The 
consideration  of  this  subject  would  however  lead  me  too  far 
beyond  the  limits  of  these  brief  remarks. 

It  will  be  unnecessary  that  I  should  make  any  remark  as 
to  the  calyx  and  corolla  being  foliaceous  organs,  since  that 
is  universally  received.  I  will  merely  remark  that  in  all  mo- 
nopetalous  calices  and  corollae,  those  parts  which  at  a  later 
period  are  joined  together,  forming  the  single  leaf,  are  in  the 
earlier  stages  without  exception  so  independent  as  to  render  all 
discussion  as  to  the  number  of  the  individual  parts  superfluous, 
since  it  is  a  matter  of  investigation  to  be  established  by  actual 
evidence.  Every  flower  then  has  in  its  earliest  development  a 
regular  construction,  and  the  supposed  abortions  which  some¬ 
times  appear  in  the  arrangement  of  the  leaves,  and  w7hich  have 
often  been  so  completely  misunderstood,  especially  wdiilst  the 
diversity  of  the  laws  as  to  number  wras  disregarded,  are  therefore 
entirely  unfounded,  wherever  they  cannot  be  actually  proved. 

The  Puphorbice  have  with  injustice  been  denied  the  bene¬ 
fit  of  their  original  structure.  Their  involucrum  is  not  form¬ 
ed  out  of  five  leaves,  but  out  of  two  quintuple  verticils,  of 
which  the  outer  one  develops  the  glands;  these  even  exhibit 
earlier  than  the  five  inner  leaves  a  middle  nerve  with  evident 
spiral  vessels,  which  cannot  therefore  be  considered  to  be  vasa 
recurrentia  from  the  other.  There  can  nowhere  be  found  a 
better  example  of  the  original  regularity  of  structure  of  the 
flower  than  in  the  grasses,  in  which  the  flower  becomes  at  a 
later  period  so  contorted  by  unequal  development,  adhesions, 
and  suppressions  of  individual  parts  that  every  possible  ex¬ 
planation  has  been  offered  excepting  that  which  nature  herself 
offers.  For  instance  in  Secale  cereale ,  the  spicula  consists  of 
a  lateral  rachls ,  on  which  about  five  alternating  flowers  are 
formed.  The  superior  three  of  these,  together  with  that  por¬ 
tion  of  the  axis  which  appertains  to  them,  remain  in  a  rudi¬ 
mentary  state,  whilst  on  the  other  hand  the  two  inferior  are  at 
first  perfectly  regular  in  their  development.  In  the  axilla  of 
every  bractea  ( gluma  auct.)  we  find  a  flower  consisting  of  a 
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calyx  of  three  parts,  each  leaf  of  which  is  completely  divided  from 
the  others,  equally  large,  and  standing  at  the  same  height ; 
the  two  inner  leaves  become  gradually  united,  and  form  with 
the  external  one,  which  has  grown  disproportionately  large, 
the  later  developed  paleee  auct.  Of  course  under  these  cir¬ 
cumstances  tiie  inner  one  possesses  the  two  central  nerves  of 
the  formerly  separate  leaves.  With  these  parts  belonging  to 
the  calyx  there  alternate  three  corollary  leaves  ( squamnlce 
auct.),  forming  an  inner  circle,  and  in  like  manner  stand¬ 
ing  at  the  same  height;  of  these,  that  which  is  directed  to¬ 
wards  the  axis  becomes  at  a  later  period  abortive  through 
pressure.  We  find  also  further,  three  stamina  alternating  re¬ 
gularly  with  these  corollary  leaves,  the  two  inner  of  which, 
although  at  a  later  period,  are  thrust  by  the  lateral  press¬ 
ure  towards  the  side  of  the  ovarium ;  lastly,  the  basis  of 
the  entire  flower,  the  very  short  pedunculus ,  cannot,  on  ac¬ 
count  of  pressure,  extend  itself  horizontally  upon  the  se¬ 
condary  rachis,  and  is  therefore  forced  to  ascend  upon  the 
inner  side,  by  which  means  that  part  of  the  flower  which  is 
directed  towards  the  rachis  spiculcn  assumes  an  apparently 
greater  elevation  than  the  outer  does.  In  this  manner  proba¬ 
bly  we  may  be  able  to  explain  in  a  simple  manner  the  appa¬ 
rently  complicated  development  of  the  flower  in  the  Graminece. 

We  will  now  pass  to  the  consideration  of  the  stamens. 
These  are  more  deserving  of  attention,  since  some  (among 
others  Agardh,  following  Wolff,  whom,  however,  he  does 
not  quote,  although  he  is  otherwise  wTell  acquainted  with  him,) 
have  appeared  disposed  to  give  them  the  character  of  buds  ; 
the  opinions  also  concerning  the  formation  of  the  anthers  are 
not  yet  unanimous. 

It  is  evident  likewise  from  the  study  of  their  development 
that  the  stamens  are  modified  leaves,  for  they  constantly  ap¬ 
pear  at  a  later  period  than  the  petals  (although  they  after¬ 
wards  develop  themselves  more  rapidly)  ;  they  stand  at  first 
higher  up  upon  the  axis  than  the  preceding  circle  of  corollary 
leaves,  and  alternate  invariably  with  them;  by  this  means,  and 
from  the  smallness  of  the  individual  parts,  the  relative  propor¬ 
tions  can  be  much  easier  observed*,  and  for  this  reason  they 
cannot  be  axillary  buds  of  the  calyx. 

*  In  some  families  the  petals  and  sepals,  (as  is  frequently  the  case  with 
the  stamens)  or  indeed  other  perigonial  parts,  consist  of  more  than  one 
circle  of  leaves,  as,  for  instance,  in  the  Berberidecs  of  2-3  leaved,  in  the 
Thymelece  of  2-leaved  circles;  we  can  here  therefore  speak  of  opposition 
with  as  little  correctness  as  in  the  Liliacecs.  Whenever  actual  opposition 
of  the  outer  circle  of  stamens  towards  the  inner  circle  of  petals  occurs,  it 
will  always  be  found  that  an  intermediate  circle  of  stamens  has  become 
abortive. 
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The  incorrectness  of  Agardh’s  view  is  also  made  evident  by 
aconsideration  of  those  flowers,  in  which  the  internode  between 
petals  and  stamens  is  perfectly  developed,  as  in  some  Cappa - 
ridees. 

The  regularly  formed  leaf  consists  of  a  central  rib,  on  each 
side  of  which  there  is  a  twofold  cellular  tissue,  between  which 
the  nerves  take  their  course.  In  this  manner  is  the  anther 
naturally  formed,  whose  superior  and  inferior  cellular  tissue* 
is  converted  into  pollen  on  both  sides  of  the  principal  nerve ; 
thus  is  formed  the  anther  with  four  cells,  which  we  find  to  be 
the  general  law. 

I  have  found  the  anther  before  its  bursting  quadrilocular  in 
more  than  one  hundred  families  ;  amongst  these  I  may  name 
Graminees ,  Cyperacees ,  Liliacees ,  Labiates ,  Borragineec ,  Scro- 
phularineee ,  Synantherees ,  Umbelliferes ,  Ranunculacees  with 
its  allies,  Rosacees  (Juss.),  and  the  Legaminosee ,  which  alone 
constitute  almost  one-half  of  the  entire  vegetation  of  the 
globe.  It  has  been  often  asserted  that  the  anther  could 
not  originally  be  quadrilocular,  since  it  springs  open  with 
two  fissures  only  ;  that  is  as  much  as  to  consider  two  chambers 
as  one,  because  they  have  not  folding  doors,  but  simple  doors 
placed  close  together.  Properly  speaking  every  anther  really 
bursts  open  with  four  fissures;  they  appear  however  only  as 
two  because  each  pair  lies  at  the  sides  of  the  common  septum. 
The  difference  between  quadrilocular  and  bilocular  anthers  of 
descriptive  botany,  (here  however  the  Antheres  dimidiates 
and  some  few  others  must  be  excepted,)  consists  in  this  alone : 
whether  the  valves  detach  themselves  from  the  septum  earlier 
or  later,  in  the  close  observation  of  which  we  may  distinguish 
every  state  of  transition. 

Sometimes,  though  rarely,  the  original  middle  layer  is  not 
developed,  and  in  this  case  of  course  the  division  into  two 
lateral  cells  is  not  found.  Still  more  rarely  is  the  one  lateral 
half  of  the  leaf  only  developed  into  an  anther,  the  other  retain¬ 
ing  its  leafy  character  ;  this  condition  is  the  type  of  the  Mar  an - 
tacees ,  and  occurs  frequently  as  monstrosity  in  the  conversion 
of  the  floral  leaves  into  stamens,  or  of  stamens  into  petals. 
In  both  cases,  however,  the  course  of  the  epidermis  proves 

*  The  normal  leaf,  as  is  well  known,  exhibits  upon  its  upper  surface 
cellular  tissue,  different  in  structure  from  that  on  the  under;  to  this  we 
find  that  the  pollen  of  the  anterior  and  posterior  cells  of  those  compart¬ 
ments  corresponds.  It  may  perhaps  be  possible,  and  certainly  not  unin¬ 
teresting,  to  ascertain  by  experiment,  whether  or  not  the  pollen  of  one 
of  these  compartments  only  possess  the  external  characters  of  pollen, 
and  likewise  different  functions  in  the  process  of  impregnation,  or  whether 
in-  Dioecious  plants  one  kind  would  produce  male,  the  other  female  em¬ 
bryos. 
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incontrovertibly  (what  is  likewise  established  by  the  study  of 
development)  that  the  pollen  forms  itself  in  the  interior  of  the 
leaf,  and  that  therefore  the  anther  cannot  be  considered  as  a 
leaf  rolled  up  either  backwards  or  forwards,  which  produces 
the  pollen  upon  its  surface. 

If  we  carry  back  our  investigations  of  the  anther  as  far  as 
its  first  appearance,  we  find  that  in  every  family  it  goes  through 
just  the  same  conditions,  and  that  all  the  apparently  deviating 
characteristics  of  this  organ  in  the  Orcliidece ,  Asclepiadece ,  Cu- 
curbitacece ,  Stylidece ,  &c.,  are  merely  later  unfoldings  of  the 
same  fundamental  type,  and  are  only  physiologically  unim¬ 
portant  modifications  of  the  same  plan,  which  nature,  here  as 
everywhere  else  where  external  differences  of  form  only  are 
concerned,  has  made  the  subject  of  so  great  and  wonderful 
variety. 

The  formation  of  the  pollen  takes  place  in  this  manner  : 
the  four  groups  of  cells  intended  for  the  pollen  separate  them¬ 
selves  from  the  remaining  tissue  of  the  leaf,  their  individual 
cells  continually  increasing,  and  in  the  interior  of  each  proba¬ 
bly  for  the  most  part  four  other  cells  are  formed,  in  each  of 
which  a  grain  of  pollen  is  produced,  upon  which  the  original 
cells  become  entirely  reabsorbed.  The  four  pollen  grains 
often  appear  to  be  developed  in  one  cell,  if  we  decline  the  as¬ 
suming  that  the  delicate  cells,  closely  surrounding  them,  have 
been  overlooked.  Sometimes,  although  seldom,  there  are 
only  two  grains  of  pollen  found  in  the  larger  original  cell, 
for  instance,  in  Podostemon  ceratophyllum ,  which  in  that  case 
afterwards  remain  adherent  one  to  the  other,  (figs.  29  and  30). 
Yet  the  quadruple  number  is  undoubtedly  the  general  rule, 
which  explains  the  frequent  occurrence  of  pollen  quatema - 
rium . 

If,  however,  the  reabsorption  of  the  original  cells  does  not 
take  place,  or  is  not  perfect,  a  very  peculiar  arrest  of  develop¬ 
ment  occurs,  which  being  the  constant  type  in  the  Orchidece 
and  Asclepiadece ,  has  afforded  botanists  abundant  occupa¬ 
tion,  whilst  the  entire  peculiarity  consists  in  this,  that  the  pol¬ 
len  stops  short  at  an  earlier  point  in  its  development.  This 
same  condition  may  be  seen  as  a  temporary  stage  in  the  de¬ 
velopment  of  the  flower  of  Picea  and  Abies  in  January  and 
February,  in  Finns  in  February  and  March,  in  which  a  loose 
waxy  pollen-mass  may  be  found  imbedded  in  each  division  of 
the  anther.  At  a  somewhat  later  period  we  may  see  the  four 
cells  in  Picea  and  Abies ,  in  which  the  four  grains  of  pollen 
lie  closely  united,  and  it  offers  a  very  pleasing  spectacle  when 
we  observe  under  the  microscope  each  grain  expand  itself  by 
the  absorption  of  water  until  it  bursts  its  case  in  order  to 
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escape,  leaving  the  four  cells  emptied  of  their  contents  (figs. 
25  to  28). 

In  this  way  we  are  enabled  to  recognise  in  the  formation  of 
the  anthers  only  a  stage  in  the  development  of  the  lateral  or¬ 
gans  of  plants. 

If  we  proceed  further  we  next  meet  with  the  ovarium,  the 
object  and  aim  of  the  entire  vegetable  organization.  In  this 
we  find  all  the  constituent  parts  so  closely  condensed  that 
their  distinction  appears  very  difficult,  and  it  is  here  that  the 
most  extended  stage  has  offered  itself  for  hypotheses  of  all 
descriptions ;  indeed  many  have  advanced  the  most  extrava¬ 
gant  speculations,  relying  upon  their  powers  of  guessing  more 
than  upon  their  talent  of  observation,  by  which  it  cannot  be 
denied  some  fortunate  hits  have  been  made  ;  of  such  Agardh’s 
Organograjphie  offers  a  series  of  capital  examples. 

According  to  the  general,  and  at  present  commonly  re¬ 
ceived  view,  the  ovarium  consists  of  buds  ( ovula ),  which  de¬ 
velop  themselves  on  the  borders  of  leaves  (i carpel! a ). 

If  we  examine  this  view  upon  the  usual  grounds,  we  detect 
unfortunately  a  logical  incorrectness  in  the  reasoning  which 
alone  can  be  advanced  and  asserted  in  its  support.  And  this 
is  not  the  only  case  in  which  an  entirely  unfounded  assumption 
has  crept  into  science  long  ago,  and  which  supported  by  tra¬ 
dition  has  been  esteemed  sacred  and  impregnable,  so  that  no 
one  has  ventured  to  deprive  the  assumed  deity  of  its  veil,  and 
show  that  this  adoration  had  been  prostituted  before  a  vain 
puppet,  We  observe  continually  a  sort  of  dread  for  the  high 
authorities  which  first  introduced  such  a  doctrine;  whilst  in 
natural  science  nature  herself  should  be  the  only  lawful  au¬ 
thority,  and  it  is  only  in  cases  where  she  cannot  be  made  sub¬ 
servient  to  our  inquiries  that  any  other  testimony  should  be 
tolerated 

If  we  tontemplate  the  entire  range  of  the  vegetable  world 
we  shall  recognise  this  universal  law,  that  a  bud  never  forms 
itself  on  i  leaf  but  from  the  axis  of  the  plant  or  its  derivative 
organs  abne.  If  therefore  the  ovula  are  considered  as  buds, 
we  must,  is  matter  of  course,  conclude  that  the  placenta  is  an 
altered  axs.  But  what  are  the  grounds  which  have  been  ad¬ 
duced  in  order  to  controvert  this  simple  and  necessary  con¬ 
clusion  ? 

1.  TheWell-known  phenomenon  in  Bryophyllum;  and 

2.  A  mlnstrous  development  of  gemmae  on  the  leaf  of  a 
Malaxis  aid  an  Ornithogalum  observed  twice. 

The  latjer  case  is  an  abnormal  product,  and  therefore 
least  of  all  Suited  to  establish  a  general  rule,  which  is  in  con¬ 
tradiction  ts  all  known  phenomena,  and  which  will,  as  well  as 
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the  other  case,  be  presently  explained.  The  first  case  consti¬ 
tutes,  however,  a  singular  exception.  But  I  cannot  help 
expressing  a  doubt  as  to  its  being  really  an  exception,  and 
would  ask  if  the  said  leaf  may  not  perhaps  be  a  foliaceous  ex¬ 
panded  stalk.  How  long  have  such  grounds  been  deemed 
sufficient  to  overturn  a  general  rule,  naturally  deducible  out 
of  the  principle  of  unity  ?  It  is  further  a  recognised  axiom 
in  logic,  that  an  hypothesis  is  by  so  much  the  more  allowable, 
the  easier  it  explains  all  phenomena  connected  with  it,  and 
the  less  it  stands  in  need  of  other  hypotheses  for  its  support. 
Now  I  ask,  in  order  to  take  an  extreme  case,  what  abnormal 
assumptions  are  not  rendered  necessary  in  the  explanation  of 
the  true  placenta  centralis  libera  according  to  the  usual  mode, 
as,  for  instance,  in  the  Plumbaginece  (figs.  20  to  23)  ?  Here  the 
five  carpellary  leaves  would  have  been  bent  inwards,  have  uni¬ 
ted  by  their  edges,  then  have  separated  themselves  once  more 
from  their  edges,  would  have  again  expanded,  and  then  have 
united  to  one  another  anew ;  and  lastly  of  at  least  ten  ovula, 
nine  would  be  abortive,  the  remaining  one  having  in  addition 
taken  a  remarkable  position  upon  the  summit  of  the  central 
pillar ;  and  be  it  remarked,  all  this  would  occur  without  the 
possibility  of  discovering  even  one  step  of  so  complicated  a 
process  in  the  plant  itself.  It  would  indeed  be  universally 
necessary  to  have  recourse  to  the  supposition  of  an  abortion 
in  all  uniovulate  ovaries,  a  circumstance  not  in  the  least  corro¬ 
borated  by  an  appeal  to  nature. 

The  second  and  opposite  case  is  however  almost  rrure  dan¬ 
gerous  still  as  respects  the  usual  view;  for  when  the  entire 
surface  of  the  carpellary  leaf  bears  ovules,  as  is  the  case  in 
the  Gentianece ,  Nymphecacece ,  Butomece ,  &c.,  I  knew  of  no 
tenable  explanation  of  this  phenomenon  deducible  through 
the  common  hypothesis.  This  has  made  it  necessaiy  to  have 
recourse  to  many  explanations;  sometimes  the  ovua  are  re¬ 
presented  as  formed  on  the  edge  of  the  carpellary  baf,  some¬ 
times  on  the  central  nerve*,  and  sometimes  on  both 

*  Thus  in  a  work  by  a  M.  Eisengrein,  entitled  “  Die  Familv  der  Schmet- 
terlingsbluthigen  viit  besonderer  Hinsicht  auf  Pflanzen-Phyiologie it  is 
advanced  as  a  law  that  in  the  Leguviinosce  the  ovules  are  termed  on  the 
middle  nerve.  Independently  of  the  circumstance  that  the  psition  of  the 
different  parts  of  the  flower  shows  that  in  this  family  the  coivoluted  bor¬ 
ders  of  the  leaf  are  the  seat  of  the  ovules,  M.  E.  might  easily  luve  convinced 
himself  of  the  uselessness  of  his  lengthy  observations,  had  he  taken  the 
trouble  to  examine  a  bean-bud  with  a  tolerably  strong  magnfying  glass.  I 
feel  indeed  disposed  to  consider  the  book  altogether  as  i  pathological 
symptom  of  the  spirit  of  the  age.  It  combines  the  most  baron  trifling  with 
empty  comparisons,  in  the  style  of  a  modern,  but  already  epiring  school, 
and  this  is  put  forth  as  philosophy  !  The  book  discloses  ;s  little  investi- 
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In  this  manner  an  extravagant  view  has  been  thrust  upon 
the  science,  founded  upon  the  weakest  possible  grounds,  the 
circumstance  itself  been  loaded  with  difficulties,  and  the  na¬ 
tural  condition  most  completely  neglected.  We  shall  see 
further  on  how  easy  is  the  explanation  of  the  only  apparently 
contradictory  fact  of  the  placenta  par ietalis,  by  the  assumption 
that  the  placenta  is  a  formation  of  the  axis  (Axengebilde),  which 
indeed  may  be  proved,  without  the  assistance  of  hypothesis, 
from  the  well-known  modifications  of  the  stalk.  But  if  we 
pass  over  to  the  investigation  of  nature,  we  find — to  commence 
with  the  most  simple  conditions — that  each  individual  carpel- 
lum  is  at  first  quite  isolated,  constructed  similarly  to  every 
young  leaf  or  lateral  organ  of  the  plant.  It  is  not  until  a 
much  later  period  of  their  development  that  it  begins  to  di¬ 
rect  its  edges  inwards  when  the  carpellum  is  closed,  or  to  ad¬ 
here  to  the  neighbouring  edges  when  the  pistil  is  unilocular 
and  many-leaved . 

Amongst  those  families  which  in  this  respect  again  deviate 
from  the  ordinary  plan,  must  be  included  the  Gramineee 
and  Cyperacece.  In  both  families  their  development  shows 
that  the  ovarium  consists  of  one  carpel  only.  In  both  fami¬ 
lies  the  two  anterior*  stigmata  for  the  carpel  are  merely  a 
further  development  of  the  ligula  ;  the  posterior,  however, 
which  is  so  often  abortive  in  the  grasses,  is  analogous  to  the 
surface  of  the  leaf,  and  the  ovarium  itself  to  the  sheath  of  the 
leaf. 

We  can  now  take  a  revie w  stage  by  stage  of  the  entire  de¬ 
velopment  of  the  pistil,  from  its  first  appearance  as  a  flat  foli- 
aceous  organ,  until  it  becomes  divided  into  ovary,  style,  and 
stigma.  This  will  enable  us  to  obtain  a  correct  idea  of  these 

o 

parts,  for  which  little  has  hitherto  been  done,  as  organs  whose 
use  and  function,  completely  different,  have  received  the  same 
name. 

The  ovarium  then  is  that  portion  of  the  leaf  which  incloses 
the  ovula  ;  the  style,  that  portion  which  is  rolled  up  and  does 
not  develop  ovula ,  whose  object  is  to  conduct  the  prolonga¬ 
tion  of  the  pollen  tubes;  and  lastly,  thestigma  is  the  free  termi¬ 
nation  of  the  superior  part,  whose  object  is  to  receive  and  hold 
the  pollen. 

This  result  is  attended  again  with  manifold  consequences. 
We  find  in  the  nomenclature  of  organs,  for  instance,  that  en- 

gation  of  living  nature  as  of  the  “physiological  principles”  paraded  in  the 
title ;  and  the  author  shows  himself  to  be  at  least  thirty  years  behind  the 
most  common-place  botanical  works  of  the  present  day,  and  even  not  au 
niveau  with  such  men  as  Grew  and  Malpighi. 

*  If  the  ovarium  be  viewed  in  a  direction  from  the  axis. 
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tire  families  to  which  styles  had  been  ascribed,  as  the  grasses, 
possess  stigmata  sessilia  only.  Some  few  species  belonging  to 
these  families,  as  Lygeum  and  Zea,  possess  an  actual  style.  It 
has  always  appeared  singular  to  me  that  the  same  botanists 
who,  on  the  one  hand,  have  advanced  the  position  that  the 
styles  offer  the  surest  means  of  determining  the  number  of  the 
carpels,  because  every  carpel  has  its  corresponding  style, 
should,  on  the  other  hand,  have  ascribed  only  one  carpel  to  the 
grasses,  although  they  at  the  same  time  speak  of  several  styles. 
A  true  style  occurs  equally  seldom  in  the  majority  of  the  fa¬ 
mily  Euphorbiaceae ;  indeed  in  Euphorbia ,  Ricinus ,  Andrachne , 
Crozophora ,  &c.,  in  which  more  than  one  style  has  been  de¬ 
scribed,  there  is  either  none  at  all,  but  merely  stigmata  sessilia 
bifida ,  or  only  one  style  present,  as  for  instance  in  Euphor¬ 
bia ,  in  which  three  carpellary  leaves  are  united  superiorly 
so  as  to  form  a  tube,  although  a  short  one.  We  find  the  style 
also  to  be  deficient  in  most  of  the  Alismaceae ,  Malvaceae, 
Phytolaceee ;  they  possess  only  stigmata:  in  some  of  these 
plants,  for  instance  Ricinus  and  Phytolacca ,  the  so-called  sur¬ 
face  of  the  stigma  sinks  down  with  its  papillae  as  far  as  the 
basis  of  the  carpel-leaves.  It  is  equally  incorrect  to  speak  of 
rami  styli  in  the  Composites ,  which  are  in  fact  only  forms  of 
the  double-lobed  stigma.  Hitherto  little  more  than  a  tradi¬ 
tional  meaning  has  been  applied  to  the  words  style  and  stig¬ 
ma,  and  this  has  been  still  more  corrupted  by  means  of  pre¬ 
tended  logical  distinctions.  It  will,  however,  be  easily  seen 
that  if  botany  is  to  be  treated  in  a  really  scientific  manner, 
the  terms  must  be  based  upon  ideas,  which  being  derived 
from  the  nature  of  the  vegetable  structure,  imply  certain  actual 
organic  differences,  and  can  be  adopted  in  a  sense  so  strict  as 
to  avoid  the  possibility  of  including  the  most  various  things 
under  the  same  term ;  or  on  the  other  hand  of  separating  iden¬ 
tical  organs  by  giving  them  different  terms.  The  prosecution 
of  the  inquiry  into  the  process  of  development  also  very  sim¬ 
ply  settles  the  old  dispute  as  to  whether  the  style  possesses  a 
canal  or  not.  Since  each  style  is  formed  either  by  the  rolling 
together  of  a  single  leaf  (apocarpous  fruit,  Lindl.)  or  through 
the  union  of  the  edges  of  many  leaves  (syncarpous  fruit, 
Lindl.),  it  must  always  possess  a  canal,  which  certainly  cannot 
be  always  recognised  as  a  cavity  upon  making  a  section  of  the 
style  in  the  open  flower,  since  the  internal  layer  of  cellular 
tissue  ( Tissu  conducteur,  Brongniart,  properly  speaking  the 
epidermis  of  the  upper  surface  of  the  leaf,)  becomes  so  ex¬ 
panded  through  alteration  in  the  form  of  the  cells  and  the  ex¬ 
udation  of  mucus  in  the  intercellular  spaces,  that  the  indivi¬ 
dual  cells  become  completely  detached  from  their  connection, 
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and  lie  loosely  imbedded  in  the  mucus,  as  for  instance  in  the 
Orchideee ,  many  Liliacece ,  &c. 

These  are  then  the  important  points  from  which  nature  does 
not  deviate  in  the  vegetable  organization,  whilst  she  manifests 
the  greatest  possible  variety  in  regard  to  the  external  differ¬ 
ences  of  form.  The  form  of  the  stigma  exhibits  the  most 
wonderful  variations  of  shape,  and  upon  this  account  lias  been 
of  all  parts  that  most  frequently  misunderstood.  The  style 
also,  and  even  the  carpel-leaf,  offer  many  varieties,  especially 
the  latter,  from  the  formation  of  spurious  septa  by  cellular  ex¬ 
crescences,  as  in  the  Aroideee.  We  find  further  that  the  car¬ 
pel  leaf  in  the  Conferee  is  not  closed  ;  in  the  Resedaceee  three 
are  united  to  form  one  open  basin,  strictly  closed  in  most 
families,  frequently  bent  inwards  towards  the  axis,  and  then 
turned  backwards  again,  so  that  the  placental  portion  forms 
a  belly,  and  the  style  appears  to  spring  from  the  base,  where 
the  transitions  of  development  may  be  studied,  beginning 
with  the  Euphorbiacece ,  through  the  Phytolaceee ,  Alismacece 
as  far  as  the  Borragineee ,  and  Labiatce ,  and  lastly  in  the  en¬ 
tire  family  of  the  DryadecE.  The  young  ovarium  in  the  La- 
biatee  and  Borragineee,  for  instance,  is  usually  a  two-leaved  car¬ 
pel  (fig.  2),  whose  edges  however  are  very  soon  joined  to  form 
the  style;  and  by  the  development  of  the  ovulum  the  part 
inclosing  it  becomes  expanded  both  above  and  below,  whilst 
the  style,  the  upper  end  of  the  leaf,  is  incapable  of  this  eleva¬ 
tion  and  distention.  The  fruit  of  the  palm  presents  a  very 
similar  appearance,  in  which  the  embryo  stands  at  first  erect 
soon  after  impregnation  has  taken  place ;  as  the  seed  however 
advances  to  maturity,  the  inner  side  of  the  ovarium  does  not 
enlarge  with  it :  thus  the  point  of  the  embryo  becomes  fixed 
and  serves  as  a  central  point,  about  which  the  radicula  de¬ 
scribes  a  quadrant,  to  which  figure  it  is  limited  by  its  partial 
development :  in  this  manner  is  formed  the  embryo  horizon- 
talis  lateralis.  There  has  been  a  great  deal  of  time  lost  in 
the  discussion  of  such  apparent  abnormalities,  which  would 
not  have  been  the  case  had  surmise  not  taken  the  precedence 
of  investigation. 

If  we  now  turn  to  th  e  placenta  and  ovulum ,  and,  which  will  be 
the  most  advantageous  course  to  pursue,  commence  with  the 
simplest  form,  we  shall  select  that  where  no  carpellary  leaf  is 
present,  which  is  without  doubt  the  one  of  all  others  that  pre¬ 
sents  the  most  insurmountable  difficulties  if  attempted  to  be 
explained  according  to  the  usual  theory.  This  state  is  found 
in  Taxus ,  for  instance,  where  the  entire  female  flower  is  no¬ 
thing  else  than  the  terminal  leaf-bud  of  the  axis  to  which  it 
belongs.  The  leaves  are  arranged  in  the  customary  spiral 
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direction,  even  to  the  extreme  summit,  and  no  one  leaf  implies 
in  the  slightest  degree  an  adaptation  to  the  female  part  more 
than  another  (fig.  1).  The  axis,  as  is  customary,  terminates 
here  also  in  a  small  protuberance  (the  punctum  vegetationis  of 
Wolff),  and  this  is  the  nucleus  of  the  ovule.  Thus  the  axis 
forms  the  second  antagonistic  power  ( dijferenz )  of  the  plant, 
forming  as  it  does  the  female  portion,  and  we  are  now  in  a 
condition  to  perceive  that  impregnation  and  fructification 
consist  in  the  conjunction  and  balancing  of  the  two  most  im¬ 
portant  antagonistic  forces  the  plant  possesses,  viz.,  those  of 
the  horizontal  and  vertical  structure. 

We  will  however  calmly  prosecute  the  course  of  our  inves¬ 
tigation  further.  The  terminal  portion  of  the  axis  constitutes 
therefore  the  nucleus  of  the  ovule,  and  is  the  only  actual  and 
never-failing  portion  of  the  entire  female  organ,  whilst  all  other 
parts  are  or  may  be  partially  deficient;  some  in  this  plant,  some 
in  that.  Now  this  end  of  the  axis  is  frequently  found  bent,  so 
that  its  point  becomes  reflected  upon  itself  ( ovulum  anatropum ), 
and  adheres  to  that  portion  which  retains  its  proper  direction 
( raphe ),  a  process  which  may  be  easily  recognised  on  inspection. 
In  this  condition  ( ovulum  ex  nucleo  nudo  constant)  we  find  the 
ovule  in  many  families,  as  for  instance  in  the  Santalaceee ,  Du- 
hiaceee ,  Dipsaceee ,  Cuscuteee ,  Asclepiadeee ,  &c.# 

There  is  indeed  no  reason  why  the  nucleus  may  not  be  de¬ 
veloped  without  suffering  this  reflexion  of  its  axis,  (as  ovulum 
atropum  ex  nucleo  nudo  const ans ,)  although  I  have  never  yet 
met  with  an  instance  of  the  kind. 

The  formative  power  concentrates  itself  in  such  a  manner 
around  this  extreme  point  of  vegetation  that  what  subsequently 
appears  as  separate  lateral  organs  is  here  consolidated  in  the 
shape  of  a  sheath-like  envelope.  These  leaves  inclosing  the 
stalk  of  the  last  bud  are  termed  ovular  membranes,  and  are  di¬ 
stinguished  by  the  total  absence  of  spiroidal  vessels,  which  are 
proper  to  the  raphe ,  or  that  portion  of  the  ovulum  which  is  not 
divided  into  nucleus  and  integument;  the  presence  of  these 
vessels  therefore  would  show  that  the  membrane  under  exami¬ 
nation  was  only  an  apparent  ovular  membrane.  Still  it  some¬ 
times  happens  that  at  a  much  later  period-— after  fructification 
has  taken  place — vascular  bundles  may  be  detected  in  the  ac¬ 
tual  integuments;  this  is,  however,  very  rare  indeed. 

*  R.  Brown  includes  the  Apocynece  also  under  this  head  ;  but  they  have 
a  simple  integument.  In  these,  as  well  as  in  the  Asclepiadece ,  it  is  not 
the  nucleus  which  becomes  developed  in  the  interior  after  impregna¬ 
tion,  but  the  sac  of  the  embryo,  which  becomes  at  an  early  period  filled 
with  opaque  albumen,  which  is  visible  after  impregnation  as  a  dark  kernel 
perceptible  through  the  integument. 
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Now  such  a  simple  envelope  (: integumenium  simplex  mihi)* 
is  found  under  these  circumstances  : 

1.  Without  the  axis  being  bent  [ovulum  atropum  cum  i?i- 
tegumento  simplici )  in  Taxus  at  the  flowering  time,  in  the  Cu- 
pressinece ,  Juglandece ,  and  Ceratophyllece . 

2.  Or  else  the  axis  suffers  the  reflexion  above  described, 
whereby  the  envelope  becomes  adherent  to  the  prolonged 
axis  [raphe) ;  ( ovulum  anatropum  cum  integumento  simplici). 
To  this  class  belong  the  Abietinece ,  Synantlierece ,  Lobeliacece , 
Campanulacece,  Goodetioviece ,  Lent ibular ice,  Scroph idari nece, 
Orobanchece ,  Gesneriece ,  Sesamece ,  Labiates,  Bignoniacece,  Pole - 
moniacece ,  Convolvulacece ,  Solanece,  Borraginece,  Gentianece , 
(including  the  Menyanthece ,  which  have  likewise  only  one  in¬ 
tegument  ;  for  the  external  hard  covering,  separable  from  the 
ripe  seed,  is  nothing  more  than  the  epidermis  of  the  integu¬ 
ment,  whose  cells  have  become  much  lignified);  further  the 
Apocynece,  Umbelliferce,  llanunculacece,  Loasece,  &c. 

Lastly,  there  is  a  second  covering  formed,  which  incloses 
the  point  of  the  axis  ( integumentum  externum  et  internum  mihi), 
and  here  also  both  modifications  may  occur. 

1.  The  axis  remains  straight,  as  for  instance  in  the  Poly - 
gonece  (fig.  4),  Cistinece ,  Urticece,  and  a  portion  of  the  Aroidece, 

2.  Or  else  the  axis  becomes  bent  upon  itself,  adhering  to 
the  external  integument  (figs.  20  to  23).  In  the  remainder  of 
the  family  of  the  Aroidece  may  be  observed  all  possible  states 
of  transition,  from  an  elongated  axis,  the  reflected  portion  of 
which,  with  its  integuments,  hangs  free  (as  is  also  the  case  in 
Rajflesia  according  to  R.  Brown),  to  the  complete  adherence, 
in  which  case  the  unreflected  portion  of  the  axis  appears  as 
raphe.  Further,  we  must  include  amongst  these  all  remain¬ 
ing  monocotyledonous  plants.  R.  Brown  has  not  indeed  ex¬ 
pressed  himself  in  positive  terms  on  this  point  with  respect  to 
the  Orchidece ;  they  possess,  however,  decidedly  both  integu¬ 
ments,  which  are  only  to  be  observed  in  their  earliest  stages 
(fig.  5),  since  the  embryo  sac  having  been  very  early  developed 
has  at  the  time  of  impregnation  almost  entirely  compressed 
the  nucleus ,  so  that  one  would  be  induced  to  consider  the  very 
thin  integument  as  the  membrana  nuclei.  I  will  content  myself 
with  adducing  the  following  among  the  dicotyledons  as  ex¬ 
amples,  to  avoid  occupying  too  much  room  with  the  mere 
enumeration  of  names,  ddymphceacece  and  Cabombece,  the 
Plumbaginece ,  Besedacece,  Passiflorce ,  C ary ophy Here,  and  Cru¬ 
cifer  ce. 

*  I  feel  myself  obliged  to  abandon  the  usual  terms  testa  and  membrana 
interna  and  others  which  are  taken  from  the  ripened  seed,  and  are  nowhere 
applicable,  and  which  would  only  tend  to  confuse  ideas  of  things  on  account 
of  the  many  errors  historically  attached  to  them. 
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Mirbel  was  the  first  who  published  any  detailed  account  of 
the  general  formation  of  these  integuments  of  the  nucleus ; 
but  although  he  has  partially  observed  the  phacnomena  ac¬ 
companying  their  formation,  he  has  evidently  been  far  from 
understanding  them,  and  could  not  therefore  clearly  explain 
the  process  ;  and  it  is  indeed  scarcely  possible  to  collect  from 
his  own  words  what  was  his  real  opinion  of  the  matter.  We 
are  indebted  to  R.  Brown,  who  has  struck  out  so  many  new 
paths  in  this  and  every  other  department  of  botany,  for  the 
first  correct  account  of  their  mode  of  formation  in  the  Orchi- 
deee  in  1831,  and  at  a  later  date  (in  1834)  in  his  dissertation 
on  the  female  flowers  of  the  Uaffesia *,  in  which  he  extended 
his  observations  to  many  other  families.  Fritsche  has  how¬ 
ever  furnished  the  most  detailed  account  of  this  subject  in 
Wiegmann’s  Archiv ,  but  he  has  confined  his  observations  en¬ 
tirely  to  one  species,  and  that  the  least  favourable  to  such  an 
investigation  on  account  of  its  compressed  growth  and  ana- 
tropous  ovule.  He  has  also  neglected  to  take  accurate  mi¬ 
crometrical  measurements,  a  point  of  the  utmost  importance 
here,  by  which  alone  he  would  have  been  able  to  avoid  some 
errors.  Thus,  for  instance,  the  expansion  of  a  cylinder  un¬ 
derneath  a  given  line,  and  its  contraction  above  it,  are  cir¬ 
cumstances  which  can  only  be  ascertained  in  objects  so  minute 
by  means  of  comparative  measurements,  since,  of  course,  every 
stage  of  the  process  cannot  undergo  examination  at  the  same 
time,  and  these  differences  are  of  the  greatest  importance  to 
the  true  appreciation  of  the  subject.  In  this  manner  Fritsche 
has  fallen  into  the  error,  on  the  one  hand,  of  supposing  that 
both  integuments  are  a  simultaneous  formation  produced  by 
the  inflexion  of  the  first  fold  into  the  body  of  the  ovule,  and 
on  the  other  hand  he  has  viewed  the  formation  of  the  inner 
integument  in  too  confined  a  manner,  as  a  mere  fold  of  the 
epidermis  nuclei. 

The  plan  which  nature  adopts  is  simply  this  : — The  exam¬ 
ple  I  shall  select  is  that  of  the  atropous  ovule,  for  instance  of 
the  Polygoneee  (fig.  4),  as  being  the  most  simple.  At  a  certain 
distance  beiow  the  apex  of  the  original  protuberance  an  ideal 
line  may  be  recognised,  intended  as  the  basis  of  the  nucleus 
(fig.  4  b.),  which  does  not  afterwards  increase  in  thickness. 
Above  this  line  the  apex  forms  itself  into  the  nucleus ,  and  be¬ 
low  it  the  substance  of  the  axis  expands  and  forms  a  protu¬ 
berance  (fig.  4  A),  which  extending  itself  as  a  kind  of  mem¬ 
branous  fold  gradually  covers  in  the  nucleus .  ( Integumentum 

primum  aid  internum  mihi ;  Secondine  Mirb. ;  membrana  in - 

[#  Account  of  the  results  of  Mr.  Brown’s  researches  on  these  subjects 
will  be  found  in  Phil.  Mag.  and  Annals,  N.  S.  vol.  x.  p.  437,  and  bond,  and 
Phil.  Mag.,  vol.  v.  p.  70.— -Edit.] 
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ierna  auct.)  Sometimes  soon  after,  and  indeed  almost  contem¬ 
poraneously  with  this,  sometimes  later*;  sometimes  immediate¬ 
ly  below  the  first  protuberance,  at  other  times  at  some  distance 
from  it  (as  for  instance  in  many  Polygoneae  and  Cistinece ),  we 
may  next  observe  a  second  protuberance,  which,  as  the  second 
integumentf,  covers  in  the  first.  ( Integumentum  secundum 
sive  externum  mihi ;  Primine  Mirb.  ,*  Testa  auct.)  The  first- 
formed  integument  certainly  does  frequently  consist  only  of  a 
fold  of  the  epidermis  of  the  nucleus ;  nevertheless  we  do  find 
a  tolerably  thick  parenchyma  taking  part  in  its  formation  in 
almost  all  those  families  which  form  no  second  integument, 
and  also  in  some  which  possess  both  coverings,  as,  for  instance, 
in  the  Euphorbia  cere,  Cistinea and  Thymelece.  In  the  case  of 
these  three  families,  a  peculiar  process  takes  place,  namely, 
upon  the  seed  becoming  ripe  the  external  integument  is  gra¬ 
dually  absorbed,  until  nothing  but  a  thin  membrane  is  left, 
usually  described  as  epidermis  testae ,  or  in  the  Euphorbiacece 
it  has  been  given  as  arillus  ;  and  on  the  other  hand,  the  actual 
modified  epidermis  testae  has  also  been  described  as  the  aril - 
lus ,  for  instance,  in  the  Oxalideae.  The  apex  of  the  original 
papilla,  which  develops  itself  as  nucleus ,  varies  exceedingly 
in  its  size  in  proportion  to  the  entire  ovule,  if  examined  in  the 
different  families.  It  often  forms  a  long  and  nearly  cylindri¬ 
cal  body,  as  in  Loasa  and  Pedicularis ;  in  many  cases  it  is 
shorter,  so  that  that  portion  of  the  ovule  in  which  no  distinction 
has  taken  place  between  nucleus  and  integument  (the  whole 
being  like  a  fleshy  distended  stalk),  is  by  far  the  more  predo¬ 
minant,  as  in  all  the  Synanthereae ,  Canna ,  Phlox,  Polemomium  : 
it  consists  again,  in  some  instances,  merely  of  the  extreme  point 
of  the  papilla  itself,  as  in  Convolvulus ;  or  nothing  more  than 
an  ideal  point  remains,  which  can  no  longer  be  distinguished 
as  an  independent  body,  above  which,  however,  a  protube¬ 
rance  develops  itself,  and  thus  forms  a  micropyle,  as  in  the 
Eipsaceae. 

Of  course  the  process  I  have  been  describing  becomes  con¬ 
siderably  modified  in  individual  points,  either  through  the  uni¬ 
lateral  development  of  the  ovul e(ovulum  campylotropum  Mirb.), 
or  through  the  reflexion  above  described  ( ovulum  anatropum ). 

*  This  is  most  conspicuous  in  Taxus,  in  which  the  second  integument 
(fig.  1  b.)  does  not  exist  until  after  impregnation  has  taken  place  (cupula 
auct). 

f  I  observed  this  to  occur  very  distinctly  in  Hydrocharis  and  Val- 
lisneria;  and,  as  Richard’s  analysis  shows,  all  other  true  Hydrocharidece 
have  atropous  ovules.  Endlicher’s  attribution  of  an  anatropous  ovule  to 
this  family  ( Genera  Plantarum,  p.  160)  is  probably  derived  from  a  partial  in¬ 
vestigation  of  Stratiotes  (which  perhaps  does  not  belong  here),  and  which 
has  been  extended  to  the  remainder  of  this  family. 

B 
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I  should  however  be  far  exceeding  die  limits  assigned  me 
were  I  to  insert  here  a  detailed  account  of  the  numberless  in¬ 
dividual  peculiarities  which  I  have  met  with  in  the  course  of 
my  observations.  I  will  content  myself  with  remarking  that 
the  Quartine  of  Mirbel  does  not  exist :  what  he  describes  is 
nothing  else  than  a  temporary  endosperm  in  those  families, 
in  which  the  embryo  sac  displaces  the  entire  7iucleus  at  an 
early  period,  although  it  is  not  destined  to  form  albumen  at  a 
later  period  by  means  of  a  permanent  endosperm. 

These  integuments  experience  manifold  changes  during  the 
ripening  of  the  seed,  so  that  the  original  number  can  seldom 
or  never  be  recognised  in  the  ripe  seed.  Sometimes  all  the 
integuments  become  consolidated  so  as  to  form  but  one ;  at 
other  times,  and  this  is  more  frequently  the  case,  the  integu¬ 
ments  become  separated  into  different  layers  of  cellular  tissue, 
of  various  degrees  of  development,  in  which  case  the  homo¬ 
geneous  tissue  can  easily  be  separated  from  the  heterogeneous. 
In  this  manner  the  integument  of  the  ripe  seed  may  sometimes 
be  divided  into  as  many  as  five  layers,  although  only  one  or 
two  membranes,  or,  as  in  Canna ,  no  complete  integuments  were 
originally  present.  But  since  it  frequently  happens*that  the 
greatest  variety  may  occur  in  the  ripe  seed  in  this  particular 
in  one  and  the  same  family*,  as  has  been  already  related  of 
the  group  Menyanthece ;  whilst,  on  the  other  hand,  the  entire 
absence,  or  the  presence  of  one  or  two  integuments  in  the 
ovule  appears  to  be  very  constant  in  the  different  families 
and  groups,  it  may  possibly  be  more  advantageous  to  return 
entirely  to  the  old  terminology  of  Richard,  and  only  speak  of 
an  episperm  in  the  ripe  seed,  the  different  positions  of  which 
may  then  be  more  minutely  characterized,  whilst  at  the  same 
time  greater  accuracy  maybe  observed  in  the  description  of  the 
ovule.  Many  interesting  results  may  probably  be  ascertained 
when  these  investigations  shall  have  been  extended  over  all 
the  families ;  already  the  small  circle  of  my  ow  n  observations 
has  afforded  many  hints.  It  is  remarkable,  for  instance,  that 
not  a  single  monocotyledonous  family  possesses  fewer  than  two 
integuments,  and  the  first  impression  caused  by  a  review  of 
the  different  families  given  above  is,  that  amongst  the  dicoty¬ 
ledonous  the  majority  of  the  monopetalous  families  is  furnished 
with  but  one  integument,  whilst  the  polypetalous  generally 
possess  two. 

Although  we  cannot  remain  one  moment  in  doubt  that 
in  plants  possessing  a  true  placenta  centralis  libera  (still  * 

*  Indeed  in  the  same  genus.  Thus  one  portion  of  the  Salvice  possesses 
spiral  cells  in  the  epidermis  of  the  integument  of  the  seed,  and  in  the  re¬ 
mainder  they  are  absent. 
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less  in  such  where,  as  in  the  Polygon  etc,  Taxus,  Juglans ,  My- 
rica ,  the  placenta  cannot  be  supposed  to  exist  as  a  separate 
organ),  the  nucleus  of  the  ovule  is  only  the  summit  of  the  axis, 
yet  the  question  suggests  itself  as  to  how  the  parietal  placenta  is 
to  be  understood  ;  and  I  do  not  consider  the  explanation  to  be 
very  difficult.  We  find  in  many  of  the  Aroidece  that  the  axis  is 
spread  out  at  its  summit,  forming  a  kind  of  disc;  upon  this 
surface  are  a  number  of  buds  as  ovules,  similar  to  the  arrange¬ 
ment  which  is  found,  in  the  Synantherce  and  other  families,  to 
take  place  among  the  flower-buds  ;  we  next  observe  these  discs 
expanded  into  lobular  processes,  and  adherent  to  the  edges  of 
the  carpellary  leaves  in  all  parietal  or  pseudocentral  placentae, 
a  modification  of  the  axis  which  is  met  with  in  Porstenia , 
the  parietal  placentae  may  be  explained  equally  well,  and  per¬ 
haps  with  greater  simplicity  and  consistency,  as  a  mere  rami¬ 
fication  of  the  axis.  It  will  not  therefore  surprise  us,  that 
the  buds  of  these  branches  ( ovula )  grow  only  upon  their  inner 
side,  viz.,  that  directed  towards  the  axis,  since  the  same  is  ob¬ 
served  in  the  inflorescence  of  many  plants,  for  instance,  in 
JEsculus.  Lastly,  we  find  the  axis  expanded  somewhat  in  the 
shape  of  a  basin  in  those  plants  in  which  the  entire  wall  of 
the  simple  ovarium  is  occupied  with  ovules,  as  may  also  be 
seen  in  the  similar  modification  of  the  stalk  in  many  Rosacece 
and  in  Ficus .  There  cannot  however  be  any  reason  adduced 
why  such  deviations  in  the  form  of  the  axis  should  be  assumed 
as  occurrina’  in  a  lower  internodium  between  the  leaves  and 
bud,  whilst  they  are  denied  existence  in  a  higher  one  between 
the  carpellary  leaves  and  ovule-bud,  or  are  said  to  be  impos¬ 
sible. 

But  we  find  in  nature,  that  in  parietal  placentae  the  edges 
of  the  leaves  are  never  laid  upon  one  another  in  their  entire 
length,  and  adhere  in  that  manner,  but  become  united  from 
below  upwards  by  the  subsequent  growth  of  a  more  or  less 
distinctly  interposed  substance.  This  interposed  substance 
is  very  evident  in  the  Fumariacece  and  Crucifer ce,  in  which 
it  appears  much  later  than  the  carpellai^y  leaves,  stands  ex¬ 
actly  within  them,  and  in  the  latter  family  forms  the  spu¬ 
rious  partition,  by  its  gradual  extension  towards  the  middle 
and  its  subsequent  adhesion.  The  placenta  shows  itself  to 
be  independent  of  the  carpellary  leaves,  during  its  growth, 
most  strikingly  in  the  Abietinece.  My  investigations  of  the 
earliest  conditions  have  shown  me  that  the  organ  which, 
since  the  researches  of  R.  Brown,  has  been  considered  as  an 
open  ovarium,  is  only  a  scale-like  expanded  placenta,  and  that 
the  organ  which  R.  Brown  has  named  bractea  is  the  actual 
carpellary  leaf  (fig,  18).  This  result  has  been  confirmed  to 
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me  in  a  most  beautiful  manner  by  a  cone  of  Finns  alha , 
found  this  spring,  which  upon  the  upper  half  was  covered 
with  female  and  upon  the  lower  with  male  flowers.  In  the 
Abietineee  the  placenta,  left  without  the  least  constraint,  de¬ 
velops  itself  to  such  an  extent,  that  at  length  the  carpellary 
leaf  itself  appears  as  a  mere  supplementary  part.  The  more 
extended  detail  of  these  investigations  being  here  out  of  place, 
I  must  beg  to  refer  to  a  work  on  which  I  am  at  present  en¬ 
gaged,  upon  which  I  have  been  occupied  some  years  with 
great  interest,  and  which  is  intended  to  include  the  perfect 
history  of  vegetable  development  in  every  department. 

In  all  this  variety  of  forms  of  the  ovulum-bearing  axis,  whe¬ 
ther  it  grows  upwards  upon  the  carpellary  leaves  or  elevates 
itself  free  in  the  middle,  there  frequently  occurs  the  additional 
peculiarity,  that  besides  the  reflexion  sustained  by  the  axis, 
which  has  been  so  often  alluded  to,  there  is  another  to  which 
it  is  subject  in  consequence  of  the  space  being  too  limited  su¬ 
periorly  for  the  development  of  the  ovular-bud ;  the  ovulum 
horizontale  and  pendulum ,  with  their  various  intermediate 
states,  are  hereby  formed.  This  modification,  however, 
proceeding,  as  it  appears  to  do,  merely  from  an  external  ne¬ 
cessity,  viz.,  the  extent  of  space  allotted  to  it,  is  of  far  less 
consequence  than  the  first-mentioned  reflexion  ;  and  we  find 
accordingly  in  one  and  the  same  family  (in  the  Dryadeee ,  for 
instance)  both  pendent  and  erect  ovules,  but  it  seldom  occurs 
in  a  highly  developed  family,  and  probably  only  in  the  Aroideee , 
that  atropous  and  anatropous  ovules  are  found  together.  For 
this  reason  the  definition  of  a  radicula  supera  or  infer  a  in  bo¬ 
tanical  descriptions  possesses  little  or  no  value,  when  regard 
has  not  at  the  same  time  been  had  to  the  internal  formation 
of  the  ovule. 

As  we  found  that  there  was  a  peculiar  development  of  the 
cellular  tissue  in  the  anthers,  by  means  of  which  the  leaf  be¬ 
comes  converted  into  an  organ  for  the  production  of  pollen,  so 
we  observe  also  that  there  is  a  peculiar  modification  of  cellular 
tissue  in  the  summit  of  the  axis  or  nucleus ,  by  which  it  likewise 
becomes  adapted  to  the  taking  on  of  a  new  organism.  One  of 
the  parenchymatous  cells,  namely,  develops  itself  to  a  much 
greater  extent  than  the  others,  indeed  out  of  all  proportion, 
since  it  becomes  subsequently  converted  into  the  sac  of  the 
embrvo.  This  takes  place  in  all  Fhanerogamia  without  ex¬ 
ception,  and  at  a  period  long  previous  to  impregnation  ;  no 
more  than  this,  however,  constitutes  the  essence  of  this  forma¬ 
tion.  In  other  respects  this  sac  is  subject  to  the  most  mani¬ 
fold  varieties  :  1.  In  relation  to  form,  being  sometimes  round, 
sometimes  oval, cylindrical,  bottle-shaped,  or  sometimes  fiddle- 
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shaped,  or,  as  in  Lathrrea  squamaria ,  where  the  excavations 
are  shapeless.  2.  In  relation  to  the  point  of  the  nucleus,  which 
is  sometimes  nearer,  at  other  times  further  off.  3.  As  to  con¬ 
tents,  at  one  time  clear  as  water,  homogeneous  and  fluid,  at 
another  opake  and  granular,  and  sometimes  cellular.  4.  With 
respect  to  the  time  of  its  formation,  whether  a  longer  or  shorter 
interval  before  the  opening  of  the  flower.  And  lastly,  in  the 
greater  or  less  compression  of  the  nucleus.  But  a  treatise  may 
easily  be  written  concerning  the  varieties  of  the  embryo-sac 
previous  to  impregnation. 

We  have  now  proceeded  so  far  in  the  process  of  develop¬ 
ment  of  the  plant  that  we  already  stand  at  the  door  of  the 
sanctum.  The  process  by  means  of  which  the  new  organism 
should  be  formed  out  of  the  parent  plant,  remained  during  a 
very  long  time  an  object  of  the  fantastic  sports  of  the  imagi¬ 
nation,  or  of  falsely-grounded  analogies  taken  from  the  animal 
kingdom,  which  arose  partly  from  the  impossibility  of  actual 
observation  on  account  of  the  imperfection  of  instruments  ; 
until  at  length  Amici,  Brongniart,  and  R.  Brown  threw  an 
entirely  new  light  on  the  matter  by  their  beautiful  disco¬ 
veries.  Yet  the  most  important  part  of  the  secret  remained 
undisclosed.  I  have  prosecuted  and  repeated  with  untiring 
zeal  the  discoveries  of  those  great  men,  and  have  not  only  found 
the  most  important  of  their  individual  observations  confirmed 
as  general  laws,  but  believe  that  I  have  advanced  a  not  unim¬ 
portant  step  in  the  inquiry.  I  have  followed  the  pollen-tubes 
[pollen- schlduche)  already  in  so  many  (upwards  of  100)  dif¬ 
ferent  families,  with  the  most  patient  investigation  from  the 
stigma  into  the  ovulum,  that  there  can  be  no  doubt  concern¬ 
ing  this  being  the  general  process  in  all  Phanerogamia.  R. 
Brown  has  described  more  than  one  pollen-tube  as  entering 
into  one  micropyle;  I  have  observed  two  to  three  in  many 
plants — in  Phormium  tenaoc  three  to  five,  in  Lathreea  squa¬ 
maria  scarcely  ever  less  than  three,  and  once  even  seven. 

If  the  pollen-tubes  be  followed  farther  into  the  ovulum,  a 
process  perhaps  the  most  delicate  that  occurs  in  botanical  in¬ 
vestigations  (fig.  3  and  24),  it  will  be  found  that  usually  only 
one,  rarely  a  greater  number*,  of  the  pollen-tubes  entering 
into  the  micropyle  penetrates  the  intercellular  passages  of  the 
nucleus  and  reaches  the  embryo- sac,  which  being  forced  for¬ 
wards  presses  it,  indents  it,  and  forms  the  cylindrical  bag,  which 
has  already  been  described,  in  the  commencement  of  this  paper, 

*  As  is  the  case  in  the  regular  and  accidental  Polyembryonatce ,  to  the 
latter  of  which  the  genus  Cynanchum  especially  belongs.  In  the  summer 
of  1835  I  found  Cynanchum  nigrum  et fuscatum  to  contain  from  two  to  five 
embryos  in  at  least  every  third  seed. 
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as  constituting  the  embryo  in  the  first  stage  of  its  development, 
which  consequently  consists  solely  of  a  cell  of  leaf  parenchyma 
supported  upon  the  summit  of  the  axis.  It  is  therefore  formed 
of  a  double  membrane  (excepting  the  open  radicular  end),  viz. 
the  indented  embryo-sac  and  the  membrane  of  the  pollen  tube 
itself  (fig.  12,  13.).  I  can  from  direct  investigation  refer  for 
corroboration  of  this  fact  to  the  following  species :  Taxus , 
Abies ,  Juniperus ,  Tathrcea,  Phormium  tenax ,  Canna  Sellovoii , 
CEnothera  crassipes,  Mirabilis  longi flora  and  Jalappa ,  Veronica 
serpyllifolia ,  Limnanthes  Douglasii^  and  less  evidently  in  Mar- 
tynia  diandra  and  Cynanchum  nigrum  ;  on  the  other  hand  most 
beautifully  clear  in  Orchis  Morio  and  latifolia.  In  all  these 
plants  I  have  observed  the  entrance  of  the  pollen-tube  into  the 
embryo-sac  and  the  gradual  conversion  of  its  end  directly 
into  the  embryo  ;  and  in  Taxus ,  and  very  easily  in  Orchis , 
I  was  even  able  to  withdraw  that  portion  of  the  tube  which 
represented  the  first  stage  of  the  embryo  out  of  the  embryo- 
sac  and  that  indeed  at  a  tolerably  advanced  period*. 

*  “  In  order  to  meet  any  objections  whichmay  be  made  by  those  who 
have  had  no  opportunity  of  examining  these  subjects  more  closely, 
I  will  just  remark,  en  passant,  that  Corda’s  history  of  the  develop¬ 
ment  of  the  Conifers,  ( Acta  Leop.  Carol.,  xvii.  pars  11,)  coincides 
with  Nature  in  the  fewest  points  possible.  It  has  caused  me  much 
pain,  on  account  of  some  eminent  men,  wdio,  having  neither  oppor¬ 
tunity  nor  time  to  examine  into  the  case,  and  judging  of  others  by 
their  own  conscientiousness,  have  allowed  themselves  to  be  led  into 
a  precipitate  admiration.  It  is  however,  in  this  case,  impossible  to 
absolve  them  from  all  blame,  since  the  memoir  exhibits  its  character 
openly  enough.  For  in  the  first  page  it  is  stated  :  ‘  Since  the  appear¬ 
ance  of  Robert  Brown’s  writings,  and  his  journey  through  Germany, 
every  one  is  acquainted  with  the  general  results  of  his  observations, 
so  that  I  consider  it  superfluous  to  give,  in  this  place,  an  accurate 
account  of  them.’  Now  it  is  well  known  that  Mr.  Brown  had 
already  published,  in  1832,  his  discovery  of  the  entrance  of  one  or 
more  pollen  tubes  into  the  micropyle ;  and  those  persons  who  had 
the  good  fortune  to  meet  with  Mr.  Brown,  during  his  journey  through 
Germany  (in  1833),  will  remember  that  he  carried  wTith  him  impreg¬ 
nated  ovaria  in  spirits,  and  with  his  accustomed  kindness  showed  the 
entrance  of  the  pollen  tubes  into  the  ovulum  to  every  one  who  took 
any  interest  in  the  subject.  Notwithstanding  this,  Corda,  a  few 
lines  lower  down,  affects  an  unpardonable  ignorance  of  this  fact,  in 
order  to  arrogate  to  himself  a  discovery  which  Amici  (already  in 
1830)  and  Mr.  Brown  had  made  long  before  him.  Inconsist¬ 
encies  are  also  evident  in  the  figures.  Fig.  14,  for  instance;  the 
embryonal  sac  is  termed  nucula,  (should  be  nucleus ,)  and  the  pollen 
tubes  enter  it  in  order  to  produce,  by  their  emissions,  heaven  knows 
what  kind  of  an  imaginary  figure.  Fig.  22:  here  the  embryonal  sac 
is  even  called  embryo  (E),  and  the  pollen  tubes  run  around  it.  But 
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The  tracing  of  the  pollen-tube  into  the  interior  of  the  em¬ 
bryo-sac  is  not  so  easy  in  all  plants,  because  the  cells  of  the  nu¬ 
cleus  which  are  arranged  around  the  summit  of  the  embryo- 
sac  are  very  firm  and  opake,  so  that  it  and  the  pollen-tube 
cannot  be  exhibited  quite  free.  In  these  cases,  however,  three 
circumstances  speak  for  the  identity  of  the  embryo  with  the 
pollen-tube:  1st,  the  constantly  equal  diameter  of  the  latter 
exterior  to  the  embryo-sac  and  of  the  former  just  within 
it.  2nd,  The  invariable  chemical  similarity  of  their  con¬ 
tents  shown  by  the  reactions  produced  on  the  application  of 
water,  oil  of  sweet  almonds,  iodine,  sulphuric  acid,  and  alka¬ 
lies.  The  general  contents  of  the  grain  of  pollen  granule  is 
starch  ;  and  this  either  proceeds  unchanged  downwards 
through  the  pollen-tube  or  else  passes  along,  being  previously 
changed  by  a  chemico-vital  process  into  a  transparent  and 
colourless  fluid,  which  becomes  gradually  more  and  more 
opake  and  is  coagulable  by  the  application  of  alcohol  :  out  of 
this,  by  an  organizing  process,  the  cells  are  formed  which  fill 
the  end  of  the  pollen-tube,  extending  in  Orchis  Morio  far  be¬ 
yond  the  ovule,  and  thus  form  the  parenchyma  of  the  embryo  : 
but  I  should  exceed  the  limits  of  this  essay  were  I  farther  to 
follow  up  the  formation  of  these  cells.  3rd.  Lastly,  the  iden¬ 
tity  of  the  embryo  and  the  pollen-tube  is  farther  supported  by 
the  fact,  that  in  such  plants  as  bear  several  embryos  there  are 
always  precisely  the  same  number  of  pollen-tubes  present  as 
we  find  embryos  developed. 

The  most  important  result  of  these  facts,  and  which  I  shall 
not  now  attempt  to  carry  out  in  its  full  extent,  but  content 
myself  with  alluding  to,  is  that  the  sexual  classification  hitherto 
adopted  in  botany  is  directly  false.  For  if  the  ovulum  be  un¬ 
derstood  in  physiology  to  represent  that  material  foundation 
from  which  the  new7  being  becomes  immediately  developed, 
and  if  we  term  that  portion  of  the  organism  in  which  this  ma¬ 
terial  commencement  is  deposited  before  it  becomes  developed 
the  female  organ ,  whilst  that  part  which  calls  into  action 
or  promotes  the  development  of  the  germ  by  means  of  its 
potential  effects  is  termed  the  mate  organs  it  is  evident  that 
the  anther  of  the  plant  is  nothing  but  a  female  ovarium 
and  each  grain  of  pollen  the  genu  of  a  new7  individual. 
On  the  other  hand,  the  embryo-sac  only  works  potentially, 

it  would  he  an  herculean  task  to  follow7,  step  by  step,  this  memoir. 
It  will  here  suffice  to  observe  that,  with  the  exception  of  a  few  points 
of  minor  importance,  everything  almost  surpasses  the  limits  of  pos¬ 
sible  error,  and  does  not  in  the  least  represent  nature.  I  refer  every 
one,  who  has  even  but  little  practice  in  such  examinations,  to  na¬ 
ture  herself,  as  the  observations  are  not  of  the  most  difficult  kind.” 
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determining  the  organization  and  development  of  the  material 
foundation,  and  for  this  reason  therefore  ought  to  be  termed 
a  male  principle,  were  we  not  to  consider,  perhaps  more  cor¬ 
rectly,  (without  embarrassing  ourselves  with  lame  analogies 
taken  from  the  animal  kingdom)  that  the  embryo-sac  merely 
conveys  new  organizable  fluids  by  means  of  transudation  and 
thus  only  serves  the  office  of  nourishment*. 

Secondly,  the  process  of  the  development  of  the  embryo, 
already  described,  easily  establishes  the  fundamental  unity 
of  the  Phanerogamia  and  those  Cryptogamia  in  which  the 
sporules  are  evident  conversions  ol  the  cellular  tissue  of  the 
foliaceous  organs  or  leafy  expansions,  since  the  same  part  in 
both  furnishes  the  groundwork  of  the  new  plant  in  both  groups, 
and  the  only  difference  existing  between  the  two  is  this; — in 
the  Phanerogamia  a  previous  formative  process  in  the  interior 
of  the  plant  precedes  the  period  of  latent  vegetation,  whilst  in 
the  Cryptogamia  the  sporule  (the  grain  of  pollen)  develops  it¬ 
self  to  a  plant  without  previous  preparation.  Difficulties  never¬ 
theless  occur  here  in  the  consideration  of  Mosses  and  Hepaticce, 
and  more  particularly  in  the  enigmatical  RhizocarpecE.  It  ap¬ 
pears  to  me,  however,  that  in  this  last-named  family  especial¬ 
ly,  there  still  remains  much  to  be  observed. 

Lastly,  this  detailed  process  explains  simply  and  naturally 
the  formation  of  buds  on  leaves,  although  it  so  seldom  occurs 
(whether  it  shows  itself  as  a  peculiarity  of  the  plant  or  is  an 
abnormal  phenomenon),  as  being  merely  a  partial  retro- 
gradation  into  a  lower  (cryptogamic)  organization. 

In  closing  this  brief  exposition  I  must  subjoin  a  few  re¬ 
marks,  partly  for  the  purpose  of  anticipating  unjust  interpre¬ 
tations,  and  partly  to  afford  a  more  correct  apprehension  of 
this  essay. 

In  the  first  place,  I  am  far  from  meaning  to  lay  claim  to  all 
the  views  which  have  been  developed  in  these  pages  as  my 
own  discoveries ;  I  desire  to  give  every  one  his  due ;  and 
not  laying  so  very  great  value  on  mere  priority,  I  consider 
it  much  more  honourable  in  founding  a  new  view  to  extend 
it  over  the  entire  department  of  the  science  and  render  it  in- 
subvertible  by  patient  investigation,  than  merely  to  be  the 
discoverer  of  something  new,  in  which  good  fortune  so  often 

*  The  embryo-sac  retains  this  nourishing  function  in  most  of  the  albumi¬ 
nous  seeds  until  a  later  period,  that  of  germination,  for  nutriment  accumu¬ 
lates  in  the  cells,  which  gradually  fill  up  the  whole  of  the  interior  of  the 
embryo-sac,  which  becoming  afterwards  converted  into  fluid  is  appropriated 
to  the  demands  of  the  young  plant.  In  the  seeds  which  have  a  central  al¬ 
bumen  (the  embryo  periphericus ),  the  albumen  is  merely  a  residuum  of  the 
nucleus ,  and  the  space  which  was  occupied  during  the  earlier  stages  by  the 
embryo-sac  is  now  entirely  occupied,  in  the  mature  seed, by  the  embryo  alone. 
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plays  the  most  conspicuous  part.  The  narrow  limits  afford¬ 
ed  to  a  memoir  of  this  nature,  and  not  any  want  of  informa¬ 
tion  as  to  what  and  how  much  various  celebrated  men  had 
communicated  to  the  public  before  me,  has  been  the  cause  of 
my  entering  so  slightly  into  the  historical  detail  of  all  that  has 
been  done  in  this  branch  of  science.  These  points,  together 
with  the  perfect  completion  of  my  investigations,  I  withhold 
until  the  appearance  of  the  work  above  alluded  to,  from  which 
my  only  intention  was  to  give  here  a  small  portion  of  the 
results. 

On  the  other  hand,  I  must  remark,  secondly,  that  every¬ 
thing  which  I  have  included  here  is  the  result  of  my  own  inves¬ 
tigation,  and  I  have  not  received  the  smallest  point,  even  upon 
the  best  authority,  without  myself  proving  its  correctness. 

Thirdly  and  lastly,  I  must  state  that  everything  I  have 
put  forward  is  the  result  of  actual  observation,  and  that 
speculation  (immediate  consequence  in  its  strict  logical  sense 
excepted)  has  not  had  the  least  share  in  these  observations. 
Whatever  of  interest  occurs  that  can  lay  claim  to  novelty 
has  been  known  to  me  for  years,  but  I  postponed  its  publica¬ 
tion  in  order  to  afford  me  time  to  take  the  utmost  advantage 
of  the  numerous  and  valuable  resources  which  were  placed  at 
my  disposal  in  Berlin,  in  order  to  give  my  work  such  an  ex¬ 
tension  that  the  results  may  not  appear  as  isolated  facts,  but 
assume  the  shape  of  laws  for  the  entire  vegetable  organism. 

It  is  of  course  evident  that  I  could  subjoin  but  few  drawings, 
necessary  in  explaining  some  of  the  most  important  points  of 
my  investigation ;  and  I  will  only  hope  that  by  reason  of  this 
deficiency  I  have  not  become  too  frequently  unintelligible. 

I  am  only  desirous  of  having  such  persons  as  judges  of  my 
work  who  have  recourse  to  nature  as  umpire,  and  who  have 
no  other  object  in  view  than  Truth ,  the  only  praiseworthy 
motive  in  scientific  pursuits  and  which  alone  has  been  my 
guide  in  all  my  investigations;  if  by  this  I  have  been  the  means 
of  contributing  but  a  little  to  the  cause  of  science,  I  shall  con¬ 
sider  myself  as  eminently  fortunate. 

-  si  quid  novisti  rectius  istis, 

Candidus  imperti ;  si  non,  his  utere  mecum. 

Appendix . — I  have  referred  frequently  in  the  course  of  the 
foregoing  treatise  to  Lathrcea  squamaria ,  which  I  have  done 
in  preference  to  other  plants  on  account  of  the  clear  and 
evident  manner  in  which  I  have  seen  many  parts  in  this.  Now 
it  has  just  met  my  eye  that  Unger  ( Beitrage  zur  Kenntniss , 
etc.  Ann.  der  Wiener  Mus.,  vol.  ii.  p.  50,)  denies  the  exist¬ 
ence  of  cotyledons  and  radicle  in  the  embryo  of  Lathrrea ; 
any  one  may  therefore  naturally  object  that  I  have  selected  but 
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a  poor  subject  as  an  example.  I  must,  however,  confess  that 
I  cannot  comprehend  Unger’s  assertion,  for  the  embryo  of 
j Lathrcea  has  such  evident  cotyledons  that  they  may  clearly 
be  perceived  with  the  help  of  a  lens  of  from  six  to  eight  times 
magnifying  power,  and  an  acute  observer  may  recognise  them 
without  the  aid  of  a  glass.  The  cotyledons  are  at  least  equally 
long  with  the  other  parts  of  the  embryo,  as  they  have  been 
figured  by  Gaertner.  I  can  scarcely  imagine,  I  must  confess, 
that  Unger  should  have  entirely  overlooked  the  embryo  and 
have  taken  the  very  firm  albumen  for  it.  Generally  speaking, 
the  acotyledonous  plants  must  not  be  understood  as  forming 
a  third  division  in  opposition  to  the  monocotyledonous  and 
dicotyledonous,  and  indeed  the  importance  of  this  character¬ 
istic  is  very  subordinate ;  it  is  a  phenomenon  which  may  oc¬ 
cur  in  every  sort  of  plant.  The  matter  consists  merely  in  the 
period  of  latent  vegetation  commencing  somewhat  earlier, 
whilst  the  completion  of  the  embryo  in  the  fruit  only  proceeds 
as  far  as  the  point,  where  it  becomes  of  a  globular  shape ; 
but  the  farther  development  passes  over  the  fruit  into  the 
germination,  as  is  the  case  in  the  entire  family  of  the  Orchidece. 

In  page  51  Unger  expresses  his  opinion  that  the  Oroban- 
chece  should  be  united  to  the  Labiatce ;  now  the  construction 
of  the  ovarium  is  precisely  the  distinctive  character  of  the 
Labiatce ,  and  which  is  wanting  in  the  Oroibancliece .  On  the 
other  hand,  Lathrcea  (which  likewise  possesses  stomata)  and 
Orobanche  agree  so  completely  with  the  Scrophularinece  in 
every  respect  excepting  the  habitus,  solely  to  be  ascribed  to 
their  locality,  that  I  cannot  find  anything  like  a  sufficient 
ground  to  keep  them  disunited.  It  would  certainly  not  occur 
to  any  zoologist  to  separate  an  animal  from  its  natural  family 
merely  because  it  was  a  parasite :  wherefore  then  should  it  be 
otherwise  with  the  vegetable  kingdom*? 

Explanation  of  the  Engraving  ( Plate  III.) 

Fig.l.  A  longitudinal  section  of  the  flower-bud  of  Taxus  bacca  ( fe - 
mind),  aa.  leaves,  b.  the  rudiment  of  the  second  integument,  which  forms 
the  berry,  c.  the  first  or  inner  integument,  d.  nucleus.  I  have  repre¬ 
sented  the  course  of  the  epidermis  by  a  fine  line  upon  the  ovule  and  the 
two  interior  leaves,  as  likewise  in  figs.  4,  18,  22,  and  23. 

Fig.  2.  Longitudinal  section  of  a  very  young  pistil  of  Salvia  Clusii. 
a.  carpellary  leaves,  b.  ovule,  c.  canal  of  the  style. 

Fig.  3.  The  inferior  portion  of  a  newly  impregnated  ovule  of  Mirabilis 
longifiora ,  also  a  longitudinal  section,  a.  funiculus,  b.  remains  of  the 
nucleus,  c.  integumentum  simplex.  ~d.  embryo-sac.  e.  pollen-tube,  whose 
extremity  expands  to  form  the  embryo,  f.  an  abortive  pollen-tube. 


[*  On  this  subject  see  Dr.  Lindley’s  paper  on  the  Botanical  Affinities 
of  Orobanche ,  in  Phil.  Mag.  vol.  xi.,  p.409. — Edit.] 
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Organization  in  Pheenogamous  Plants . 

Fig.  4.  Longitudinal  section  of  a  young  ovule  of  Polygonum  orientate . 
■a.  nucleus.  &.  protuberance  out  of  which  the  integumentum  internum  is 
formed,  c.  commencemertt  of  the  integumentum  externum. 

Fig.  5.  A  very  minute  ovule  of  Goodyera  procera.  a .  integument,  ex¬ 
tern.  b ,  integum.  intern,  c.  remains  of  the  nucleus,  d.  embryo-sac. 

Fig.  6  and  7.  Early  conditions  of  the  embryo  of  Potamogeton  lucens. 

Fig.  8.  Potamogeton  heterophyllus  at  a  later  period  than  the  preceding. 
a.  plumula.  b.  cotyledon  which  is  still  unclosed  ( ungeschlossen ). 

Fig.  9—11.  Different  grades  of  development  of  the  embryo  of  Echium 
vulgare.  a.  embryo-sac.  b.  embryo. 

Fig.  12.  Summit  of  the  embryo-sac  of  Phormium  tenax  with  the  embryo 
in  course  of  development,  a.  embryo-sac.  b.  pollen-tube.  c.  embryo. 

Fig.  13 — 17.  Formation  of  the  embryo  of  CEnotkera  crassipes.  a.  em¬ 
bryo-sac.  b.  pollen-tube.  c.  embryo,  d.  terminal  shoots  ( punct .  vege- 
tationis,  Wolff),  e.  cotyledon. 

Fig.  18.  Longitudinal  section  of  the  female  flower  of  Pinus  abies,  from 
a  cone  about  three  quarters  of  an  inch  in  length,  a.  carpellary  leaf  ( brae - 
tea  of  R.  Brown),  b.  placenta  (open  ovarium  of  R.  Brown),  c.  nucleus, 
d.  commencing  integument  ( cupula  auct.).  e.  embryo-sac.  About  this  time 
the  carpellary  leaf  has  already  acquired  its  green  colour,  but  the  placenta 
consists  of  colourless  succulent  cellular  tissue. 

Fig.  19 — 23.  Different  periods  in  the  development  of  Statice  atropur- 
purea.  Fig.  19,  interior  of  a  very  young  bud.  a,  a.  stamina,  b.  carpel¬ 
lary  leaves.  Fig.  20,  the  same  at  a  somewhat  later  period,  a.  four  car¬ 
pellary  leaves,  still  disunited,  b.  commencement  of  the  formation  of  the 
ovule,  c.  base  of  the  fifth  carpellary  leaf  which  has  been  cut  off.  Fig.  21, 
a  recent  ovule,  in  which  the  first  tumefaction  for  the  development  of  the 
inner  integument  is  already  evident.  Fig.  22,  longitudinal  section  of  the 
same  at  a  later  period.  The  inner  integument  a.  has  already  extended  it¬ 
self  over  the  entire  nucleus  b ,  whilst  the  external  integument  c.  is  scarcely 
visible.  Fig.  23,  the  same  at  a  later  period  :  a ,  b ,  c ,  as  before. 

Fig.  24.  Longitudinal  section  of  an  ovule  of  Eathrcea  squamaria  soon 
after  its  impregnation,  a.  integumentum  simplex,  b.  remains  of  the  nu¬ 
cleus  ( membrana  nuclei ,  R.  Brown),  c.  embryo-sac  already  filled  with 
cells,  d.  pollen-tubes,  e.  embryo.  /.  caecal  cavities  of  the  embryo-sac 
in  the  parenchyma  of  the  ovule,  g.  funiculus. 

Fig.  25.  Anther-cells  of  Pinus  abies  inclosing  four  pollen-forming  cells. 

Fig.  26.  The  same,  after  absorption  of  the  parent  cells :  a  grain  of  pollen 
may  be  perceived  in  each. 

Fig.  27.  The  same  after  they  have  been  immersed  in  water :  two  grains 
of  pollen  are  just  about  to  leave  the  cells;  having  burst  the  parietes. 

Fig.  28.  A  single  grain  of  pollen  from  the  same. 

Fig.  29.  Two  pollen-bearing  cells  of  Podostemon  ceratophyllum. 

Fig.  30.  Pollen  of  Podostemon  ceratophyllum  taken  from  the  stigma,  from 
one  of  which  a  pollen-tube  already  proceeds. 
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